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Abstract 



Heavy flavor baryons containing single and double charm (beauty) quarks with light 
flavor combinations are studied using the hyper centrál description of the three-body 
problém. The confinement potential is assumed as hyper centrál coulomb plus power 
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potential with power index v. The ground statě masses of the heavy flavor, J 

and | + baryons are computed for different power index, v starting from 0.5 to 2.0. The 

\ predicted masses are found to attain a saturated value in each case of quark combina- 

O ' tions beyond the power index v = 1.0. 
OO ' 
O 
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^tí ■ 1 Introduction 

Recent experimental observations of a family of doubly charms baryons by SELEX, 
Fermi laboratory and most of the other charm baryons discovered by CLEO exper- 
iments have created much interest in the spectroscopy of heavy flavor baryons both 
experimentally and theoretically [Tj, [21 [3J, SI El EJ, [TJ, El [9] . Baryons are not only the 
interesting systems to study the quark dynamics and their properties, but also inter- 
esting from the point of view of simple systems to study three body problems. Though 
there are many theoretical attempts to study the baryons [TJ [2j [3], many of them do 
not provide the form factors correctly that reproduces experimental data [T]. For this 
reason alternate schemes to describe the properties of baryons particularly in the heavy 
flavor sector are being attempted [H [2] • Here, we employ the hyper centrál approach to 
study the three-body problém, particularly the baryons constituting single and double 
charm (beauty) quarks. The confinement potential is assumed in the hyper centrál co- 
ordinates of the coulomb plus power potential form. It should be mentioned that, hyper 
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centrál potential contains the effects of the three body force. As suggested by lattice 
QCD calculations [TU] the three body forces are important in the study of baryons. For 
the low-lying resonance states it is good approximation to simply take the space wave 
functions of the hyper coulomb potential instead of seeking explicit numerical solution 
with hyperfine interaction. 



2 The Model 

A correct treatment for three body systém is a long standing problém in physics par- 
ticularly in atomic and nuclear physics. Other three body systems of interest are the 
baryons containing three quarks. Typical interactions among the three quarks are 
studied using the two-body quark potentials such as the Igsur Karl Model, the Capstic 
and Isgur relativistic model, the Chiral model, the Harmonie Oscillator model etc. The 
three-body effects are incorporated in such models through two-body and three-body 
spin-orbit terms. To deseribe the baryon as a bound statě of three constituent quarks, 
we define the configuration of three particles by two Jacobi vectors p and A as [UJ 

1 1 

P = ;^=(n -r 2 ) ; A = -j={f x + f 2 -2f 3 ) (1) 

Such that 

2 mi m 2 3 m 3 (m\ + m 2 ) , n . 
m P = : ; m x = 777 : : r ( 2 ) 

m\ + 777-2 2 (Wíi + 777,2 + ^3) 

Here mi, m 2 and m 3 are the constituent quark masses. Further we introduce the hyper 
spherical coordinates which are given by the angles 

n p = (e p ,(f> p ) ; fi A = (# A ,0 A ) (3) 

together with the hyper rádius, x and hyper angle £ respectively defined by, 



x = \J ' p 2 + A 2 ; £ = aretan (4) 
As a model Hamiltonian for baryons, we consider, 

p2 p2 p2 

H = ^ + ^ + V(p, A) = — + V(x) (5) 

2 7?7,p 2 ?T7 A 2 7T7 

Here the potential V is not purely a two body interaction but it contains three-body 
interactions also. If the interaction potential is hyper centrál symmetric such that 
the potential depends on the hyper rádius x only, then the hyper radiál schrodinger 
equation corresponds to the hamiltonian given by Eqn(j5]), can be written as 



5 <i 

dx 2 x dx 



(f> y (x) = -2m[E - V(x)} <h(x) (6) 
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where 7 is the grand angular quantum number, m is the reduced mass [12] and it is 
defined by 

2 m p m x 

m = (7) 

m p + mx 

and potential V(x) is taken as [13] 



V(x) = -- + p x » + K + V hyp (x) (8) 



X 



Here the hyperfine part of the potential Vh yp (x) is given by [2] 

V hyp (x) = Ae- oay £<T i -a j (9) 

where r, (3, A, k and a are potential parameters. The energy eigen value corresponding 
to Eqn([6]), is obtained using virial theorem for different choices of the potential index 
v. The trial wave function is taken as the hyper coulomb radiál wave function given 

by m 
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(2gxy e - 9X (10) 



_(2w + 5)(w + 7 + 4)! 
The baryon mass in this hypercentral model is given by 

M B = j2m l + (H) (11) 

i=i 

The constituent quark mass parameters employed in our calculations are listed in Table- 
[1] along with other potential parameters. Here k is found to be proportional to the 
reduced mass, the flavor-color degree of freedom(A^yA' r c ) as well as the strong coupling 
constant a s as 

k oc N c N f ma s (l + 0(a 2 s )) (12) 

It is found that the proportionality constant is equal to 0.41 for the qqQ systems and 
0.32 for the QQq systems. The computations are repeated for different choices of v, 
from 0.5 to 2.0 and the hyperfine interaction energy is treated perturbatively. 



3 Results and Discussion 

The behavior of the spin average mass of the baryons with the potential index v in the 
case of qqQ and qQQ systems are shown in Fig.l.(a,b) and Figf5|a,b) respectively. It 
is found that the mass of the baryon decreases as v increases and attain a saturated 
value beyond v — 1. It may be due to the saturation of effective inter quark interaction 
within the baryon at potential index v > 1.0. The computed results for the ground 
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Figuře 1: Variation of spin average masses with potential index v for single heavy 
baryons. [a] Single charm baryons, [b] Single beauty baryons. 
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Figuře 2: Variation of spin average masses with potential index v for doubly heavy 
baryons. [a] Doubly charm baryons, [b] Doubly beauty baryons. 
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Table 1: Quark Model Parameters 



í lil ň Tu TTI £1 Q.Q.&Q. 

Vc^LLdl-tv llldooCo 


IIL U 


— (MpV) 




m d 


= 350 (Mel/) 




m s 


= 400 (Mel/) 




m c 


= 1394 (Mel/) 




m h 


= 4510 (MeV) 


Model parameter 


b = 


13.6, -2- = liMeVY 


Spin-Spin interaction parameters 


A= 


140.7 (MeV) 




a = 


= 850 (MeV) 



statě mass of the single heavy and double heavy baryons are presented in Tables [2] 
and [3] respectively. We compare our masses at this saturation (v > 1.0) with other 
theoretical and existing experimental values. 

Our results are found to be in accordance with the known experimental as well as with 
other theoretical predictions in the case of single heavy baryons at the mass saturation. 
The variation with the PDG average values are just around 1.0 percentage in the case of 
single charm baryons and less than 1.0 percentage in the case of single beauty baryons. 
Consistency has also been found in the case of double heavy systems with the potential 
index v > 1.0 with other theoretical predictions. Our results at the saturated value of 
the masses are very close (< 1.0 percentage difference) to the theoretical predictions 
of S. S.Gershtain et. al (2000) [53] and V.V.Kiselev et. al (2002) [21]. However, the 
predictions of C. Albertus et. al (2006) [20] are found to be nearer to our predicted 
masses at v = 0.5. The recent observations of SELEX group [24] on double charmed 
baryonic statě 5+ and S*+ are found to be very close to our predicted values. Our 
predicted mass difference M(S*+)— M(S+) of 73.3 MeV extremely close to the lattice 
QCD prediction of 76.6 MeV |l5j . New experimental results are expected to provide 
the masses of many of the double heavy flavor charm and beauty baryons. 

Acknowledgement: One of the author P. C. Vinodkumar acknowledge the finan- 
cial support from University Grant Commission, Government of India under a Major 
Research Project F. 32-31/2006 (SR). 
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Table 2: 


Single charm baryon masses 
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Table 3: 


Single 


beauty baryon 


masses(masses 


are in MeV) 
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Table 4: Doubly heavy baryon masses (masses are in MeV) 
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